Purpose In order to predict whether tumor markers assist in the histopathologic diagnosis of germ cell tumors (GCTs), we analyzed the correlation of beta human chorionic gonadotropin (βhCG) and alpha-fetoprotein (AFP) in serum and cerebrospinal fluid (CSF) samples at baseline and subsequent follow-up examinations. Method A retrospective study of patients diagnosed with intracranial GCTs between July 1985 and February 2011 at our institution was conducted to review clinical, surgical, radiological, laboratory, and histopathologic data. Results Of the 67 patients eligible for the study, 42 had germinomas and 25 non-germinomatous GCTs. At baseline, serum and CSF AFP agreed in 97.9 % of patients (Cohen's Kappa 0.93). Baseline βhCG samples agreed in only 72.5 % of patients (Cohen's Kappa 0.46). In most cases, values were higher in serum for AFP and in CSF for βhCG. ROC curves estimated from logistic regression model indicated that CSF and serum samples had almost equal diagnostic utility, and the DeLong test showed that the difference in area under curves was not statistically significant. 
Introduction
Germ cell tumors (GCTs), a heterogeneous group of gonadal or extragonadal tumors thought to arise from the aberrant migration and differentiation of primordial germ cells during embryogenesis, comprise approximately 3 % of all pediatric cancers [3] . Extragonadal GCTs occur primarily along midline sites such as the mediastinum and sacrococcygeal region, and intracranially in the pineal and suprasellar regions [21] . Classified as germinomatous and nongerminomatous germ cell tumors (NGGCTs), intracranial GCTs are a rare but interesting group of tumors accounting for a small portion of all GCTs and only 3 % of all pediatric brain tumors [3, 6, 7, 21] . Germinomas are highly chemoradio sensitive, and therefore generally have a good prognosis, in contrast to NGGCTs which are generally viewed as less sensitive to radiation and chemotherapy with a consequently worse prognosis [3, 6, 7, 21] .
NGGCTs and a subpopulation of germinomas secrete specific proteins known as alpha-fetoprotein (AFP) and beta human chorionic gonadotropin (βhCG), which can be used as tumor markers [17] . Tumor markers have been identified for a variety of cancers and integrated into the diagnosis and management of patients with these cancers [17] . AFP is a 70-kDa glycoprotein normally secreted by the fetus primarily in the yolk sac, gastrointestinal tract, and liver [4, 5] . βhCG is a 36.7-kDa glycoprotein normally secreted by placental tissues [17] .
Specifically, AFP and βhCG have been useful clinical measures for patients with GCTs in regard to diagnosis, response to therapy, prognosis, and monitoring disease recurrence [9, 17] . Moreover, AFP and βhCG [17] help to differentiate germinomas from NGGCTs. Elevated serum or cerebrospinal fluid (CSF) concentrations of AFP are strong predictors of NGGCTs [7] , as are high concentrations ob βhCG; however, the latter can be mildly to moderately increased in germinomas [7] . AFP is a 70-kDa glycoprotein normally secreted by the fetus primarily in the yolk sac, gastrointestinal tract, and liver [4, 5] . Since AFP concentrations normally drop to adult levels by 1 year of life, elevated levels in adolescents and adults can be indicative of malignancy [9] . βhCG is a 36.7-kDa glycoprotein normally secreted by placental tissues [17] . Similarly, elevated serum concentrations of βhCG in males and non-pregnant females can be indicative of malignancy [11] . Clinically, AFP and βhCG have been useful markers in diagnosis, measuring response to therapy, prognosis, and monitoring disease recurrence of GCTs [9, 17] . These tumor markers can help differentiate germinomas from NGGCTs. Elevated serum or CSF concentrations of AFP are strong predictors of NGGCTs [7] . βhCG can be mildly to moderately increase in germinomas, but very high concentrations suggest NGGCTs [7] .
Most data on tumor markers in GCTs are from gonadal GCTs [9, 15, 16] . Although these tumors are thought to be similar to their intracranial counterpart in regard to histology, genetics, and response to therapy [6] , some are significantly different [3] . It is important to validate the findings for extracranial GCT markers compared to those for intracranial GCT markers [8, 10, 12, 13, 19] . The location of intracranial GCTs allows the detection of AFP and βhCG in the CSF as well, thereby providing another relevant source to potentially diagnose and manage patients with intracranial GCTs. CSF samples, however, are usually procured through lumbar punctures which carry with them the risk of complications, including infection, pain, spinal headache, CSF leak, and those associated with sedation [1] , not to mention the increased costs associated with obtaining CSF samples. On the other hand, serum samples cost less and are less invasive to obtain. Although studies have begun to look at tumor markers specifically in intracranial GCTs [8, 10, 12, 13, 19] , it remains to be determined whether it is necessary to assess the concentrations of tumor markers in both the CSF and serum for intracranial GCTs. In this study, we analyze how both these sources correlate at baseline, and during follow-up, and we described their diagnostic utility.
Methods

Study design and participants
This study was approved by the institutional review board of the St. Jude Children's Research Hospital (St. Jude). A retrospective study of patients treated for intracranial GCTs at St. Jude from July 1985 to February 2011 was conducted. Medical records were reviewed for clinical, surgical, radiological, laboratory, and histopathologic data.
Tumor-related definitions
Surgical resection was considered gross total resection (GTR) when no visible tumor remained, near total resection (NTR) when >90 % of tumor was removed, subtotal resection (STR) when 50-90 % of tumor was removed, partial resection (PR) when 10-49 % of the tumor was removed, and biopsy if less than 10 % of tumor was removed. Date of diagnosis was considered the first radiologic scan showing tumor. A metastasis was defined as the presence of a tumor distant (except for bifocal) from the primary tumor or by positive CSF tumor cell cytology. Bifocal tumors were defined as being simultaneously present in both the pineal and suprasellar regions [14] . Time to follow-up was considered time from diagnosis to last contact with patient.
Tumor marker assessment
The baseline tumor marker value was considered the value drawn closest to the second day of treatment, regardless of whether markers concentrations were measured at St. Jude NGGCT non-germinomatous germ cell tumor; PR partial resection; STR subtotal resection; NTR near total resection; GTR gross total resection; RT radiation therapy; CSI cranio-spinal irradiation; WVI whole ventricular irradiation; NED no evidence of disease; DOD died of disease; DNOD died not of disease a Five patients with NGGCT had a biopsy and then soon after had second surgery [partial (n01), STR (n01), NTR/GTR (n03)] and for them the surgery after biopsy was considered the definite surgery; therefore, these patients were not included in the patient numbers for biopsy b Five patients had GTR/NTR surgery after RT(n01), chemo (n03), or both (n01) or at another institution. Since the normal values used in previous studies vary, the normal values established by our institution were used: CSF AFP≤0.8 ng/mL, serum AFP≤ 12 ng/mL, and βhCG≤5 mIU/mL for both serum and CSF. Since many institutions use the international units for AFP instead of the mass units, it is worth mentioning that 1 IU equals 1.21 ng [20] . As the range of raw markers value is wide and sometimes included zeros, natural log of the raw values plus one (1) (i.e., ln(raw value+1)) were used to transform the makers to better support the normality assumption. To more specifically compare CSF and serum samples at each time point during follow-up examinations, only data from patients whose CSF and serum samples had been collected within 5 days of each other, for both AFP and βhCG were included. Forty-three patients met these criteria with both AFP and βhCG values available for at least one follow-up exam. All values (n0185) were pooled to assess the correlation at follow-up.
Statistical analyses
Descriptive statistics and graphical tools were used to summarize general demographics and characteristics of the data. The McNemar test was employed to test the marginal homogeneity of outcomes of CSF and serum markers. The magnitude of agreement was further estimated by Cohen's Kappa coefficient. The predictive ability of a given set of markers was described using receiver operating characteristics (ROC) curves estimated using logistic regression models [18] . ROC curves were compared by the DeLong test [18] .
Results
Patient characteristics
There were 67 patients (48 males and 19 females; median age at diagnosis, 11.8 years) eligible for the study. The characteristics of our cohort (Table 1) were consistent with those reported in previous studies for intracranial GCTs [3, 6, 7, 21] . Histopathologic confirmation was not available for 15 patients; 2 of whom were diagnosed with germinoma based on the tumor's bifocal occurrence; 3 of whom were diagnosed with germinoma in the setting of negative AFP values and only slightly elevated βhCG values; and 10 of whom were diagnosed with NGGCTs based on elevated concentrations of either βhCG (n04) or both AFP and βhCG (n06). The majority of patients (n058, 86.6 %) received cranio-spinal irradiation (CSI). Ninety-two percent (n023) of patients with NGGCTs and 42.9 % (n018) of those with germinomas received chemotherapy. The median time of follow-up was 9.3 years (range, 0.4-24.4 years).
Correlation of baseline tumor markers Table 2 compares baseline CSF AFP values with those in the serum. CSF and serum AFP values correlated in all but one patient (97.9 %). The Cohen's Kappa of agreement was high at 0.93. The one patient for whom CSF and serum values did not agree had an NGGCT; CSF was positive for AFP while the serum value was negative for AFP. Figure 1a presents the baseline AFP correlation graphically, allowing the data to be studied categorically as normal or abnormal, as well as continuously by measuring the magnitude. Almost all AFP values were on the serum side of the equality line, indicating that they are higher in the serum than the CSF. Table 3 compares baseline CSF and serum values for βhCG. Correlation for βhCG serum and CSF values was lower (n037; 72.5 %) than that for AFP. A Cohen's Kappa of agreement value of 0.46 suggested only moderate agreement of CSF and serum βhCG values. When values did not correlate, they were more often positive in CSF and negative in serum, accounting for 11 of 14 patients whose values did not correlate (78.6 %). Three patients, however, did have a positive serum but a negative CSF value for βhCG. Interestingly, the baseline βhCG correlation plotted graphically (Fig. 1b) showed a trend opposite to that seen for AFP-the majority (n041) of βhCG values were higher in CSF than the serum. In (serum_afp+1) In ( Baseline tumor marker prediction of histopathologic diagnosis Since these tumor markers are used to diagnose intracranial GCTs, we employed logistic regression models to determine whether CSF or serum markers were better in assisting diagnosis. The CSF model includes both AFP and βhCG in the CSF to predict tumor pathology; the serum model uses serum values of AFP and βhCG. Values for both serum and CSF were available for 48 patients. A comparison of both models by ROC curves (Fig. 2a) revealed a target decision probability of 0.5; the serum model correctly classified 39 of 48 (81.3 %) patients, with a sensitivity of 93.8 % and a specificity of 56.3 %. Of these 39 patients, 31 (79.5 %) had surgically confirmed pathology consistent with GCT. At a target decision probability of 0.5, the CSF model correctly classified 42 of 48 (87.5 %) patients, with a sensitivity of 96.9 % and a specificity of 62.5 %. Of the 42 patients, 34 (81.0 %) had GCT confirmed by surgical pathology. The DeLong test indicated that the difference between the areas under both ROC curves was not significant (P00.6411).
In both CSF and serum samples, comparing regression models of AFP alone with the models of AFP and βhCG showed that addition of βhCG did not lead to a significant change in the ability to predict germinoma versus NGGCT (Fig. 2b, c) . The DeLong test showed that the difference was not statistically significant in the CSF (P00.4498) or serum (P00.4965).
Correlation of tumor markers during follow-up
Pooled values (185 values in 43 patients) were analyzed to determine whether there was correlation in CSF and serum values. For AFP, 167 of 185 (90.3 %) values correlated. The Cohen Kappa coefficient was 0.22, which indicated moderate agreement. Of 18 values that did not agree, 16 were positive in CSF and negative in serum (Table 4, Fig. 3 ). The majority (n0164) of values agreed for negative values, but when AFP serum and CSF values were not in agreement, they were more often positive in CSF than in serum (16/18) .
For βhCG, 178 of 185 (96.2 %) values correlated in CSF and serum. The Cohen's Kappa coefficient of 0.6117 indicated good agreement. As observed for AFP, the majority of values were negative for βhCG too (Table 5 , Fig. 4) , but values that did not agree were almost evenly split (4/7 positive in CSF and negative in serum and 3/7 negative in CSF and positive in serum).
Discussion
To our knowledge, our study is the first to address whether the tumor markers AFP and βhCG need to be measured from both the CSF and serum in all types of GCTs. Allen et al. looked at the use of serum and CSF βhCG to diagnose pure germinoma in 60 patients from two prospective studies. They concluded [2] that histologic confirmation is still required for diagnosis of pure germinoma.
Our study indicates that AFP values at diagnosis correlate well between CSF and serum; the majority were negative as expected, reflecting the 63 % of patients diagnosed with germinoma. Of the 40 patients with negative AFP values in the serum, only 1 patient had a positive AFP value in CSF and 8 patients had positive AFP values in both CSF and serum (Table 2 and Fig. 1a ). This small number of patients does not allow us to conclude that measurement of AFP in only the serum is sufficient; however, it does suggest that a diagnosis can be made on the basis of serum values alone in some patients. This observation will need to be confirmed in larger prospective studies. βhCG values correlated in only In (serum_bhcg+1) In ( 72.5 % of patients, suggesting that βhCG measurements are required in both CSF and serum.
Tumor markers are important in differentiating germinomas and NGGCTs. Our predictive model shows that serum and CSF samples are nearly equal in their ability to assist in diagnosis. It should be noted that we compared CSF versus serum samples-not AFP versus βhCG values-in predicting diagnosis. All 11 patients with positive AFP values (8 in both CSF and serum) had a diagnosis of NGGCT. The models also show that adding βhCG as a tumor marker to AFP does not improve the predictive ability of diagnosis. AFP alone is more clearly positive in NGGCTs, whereas βhCG can be elevated in both germinomas and NGGCTs.
Our study highlights that both markers are useful but not perfect in predicting histopathologic types of GCTs. Ideally, if markers could completely differentiate germinomas from NGGCTs, there would be little need for biopsies. Of the 15 patients who did not have a histopathologic diagnosis, the majority (n013) did not undergo a biopsy because they were positive for characteristic markers from either CSF or serum.
Pooled values of AFP during follow-up showed fair agreement, and when values did not agree they were often positive in CSF and negative in serum. Pooled values of βhCG during follow-up were in good agreement, and those that did not agree were often positive in CSF and negative in serum. Overall, at baseline and subsequent follow-up exams in which serum and CSF tumor markers were not in agreement, values were often positive in CSF and negative in serum or showed mixed results. This suggests that measurements in CSF may be more sensitive than those in serum, but these positive values need to be analyzed from a clinical standpoint as well. Many values considered positive by CSF are close to threshold and represent isolated rises above normal that return back to normal in patients, suggesting CSF values may not only be more sensitive but also more prone to false positives. Further evaluation of the threshold values we use is needed. Meanwhile, we recommend repeating values that are near threshold in 4-6 weeks to confirm the trend.
Given the associated risk and cost of repeated lumbar puncture procedures during the course of treatment and follow-up evaluations, this study provides a starting point to explore if CSF values are even needed to make a diagnosis or if tumor marker concentrations in the serum alone have sufficient diagnostic power.
The trend of AFP elevation in serum and βhCG elevation in CSF in both baseline and follow-up analysis is interesting, but the reason for this remains unknown. This trend has been noted previously in intracranial GCTs [13, 19] . Rogers et al. offered a potential hypothesis involving the blood brain barrier to explain the increased levels of βhCG in the CSF [19] .
Our results highlight the need to further investigate the correlation of serum and CSF markers at diagnosis and follow-up. Our study is limited by its retrospective design, long period of study, and small sample size. Nonetheless, it can be used for hypothesis generation for future large-scale prospective studies to evaluate potential elimination of CSF sampling, especially in the post-diagnosis period, and the need for surgical intervention for histologic confirmation. Finally, there is a need to continue the search for more sensitive and specific tumor markers with careful clinical evaluation of those measures.
